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INTRODUCTION



This final report presents the results of research conducted in the
vicinity of Lydonia Canyon and on the outer shelf and upper slope along the
western North Atlantic continental margin by the U.S. Geological Survey (USGS)
in cooperation with the Bureau of Land Management (BILM) and the Minerals
Management Service (MMS) in accordance with Interagency Agreements AA851-IAl-
17, AA851-TA2-26, and TA 14-12-0001-30180. The program is called the North
Atlantic Slope and Canyon Study (NASACS). Field measurements in and around
Lydonia Canyon were made between October 1980 and November 1982 and on the
outer shelf and upper slope between November 1982 and November 1984. More
than 60 current meter moorings were deployed on 11 research cruises; extensive
hydrographic observations were made on 10 of these. To our knowledge, this
field program is the largest and most detailed ever conducted in a submarine
canyon.

The major objective of the research was to describe and understand the
physical oceanography and sediment transport of Lydonia Canyon, a major
submarine canyon located on the southern flank of Georges Bank. Of particular
interest was the transport of water and sediment from the shelf into the
canyon and across the shelfbreak to the continental slope. Canyons and
gullies dissect a substantial part of the continental margin south of Georges
Bank. They are important sites biologically and may be sites for accumulation
of pollutants introduced onto the margin by OCS activity.

This report contains 6 interpretive chapters and 2 appendices which
describe the major results of the field program. Chapter 2 presents an
overview of the canyon experiment and a description of the sediments,
hydrography and currents. Chapter 3 describes the transport of sand and fine
particles in Lydonia Canyon and chapter 4 presents evidence for mixing within

the canyon based on analysis of temperature-salinity characteristics.



Chapter 5 describes the low-frequency currents which fluctuate at periods
longer than about 40 hours, and the coupling of these currents on the shelf,
slope and in Lydonia Canyon. Chapter 6 1is an analysis of sediment
resuspension and pollutant scavenging by fine-grained sediments, based on
material collected by sediment traps and on material collected in sediment
cores. This geochemical analysis provides independent support for conclusions
based on the physical oceanographic observations. Chapter 7 presents
observations made on the outer shelf and upper slope and implications for the
transport of sediment. Appendix 1 describes a field comparison of the
collection rate of different sediment traps and Appendix 2 the calibration of
beam transmissometers. Both transmissometers and traps were used extensively
in the field experiments and these studies are essential to the interpretation
of the results. Appendices 3 and 4 contain tabulations of the mooring
locations and data quality for the Lydonia Canyon and Slope Experiments
respectively.

Three other field experiments compliment this study. Measurements were
made in Baltimore Canyon as part of the Canyon and Slope Process Study (LDGO,
1983). The MASARS (Middle Atlantic Slope and Rise Study), conducted by
Science Applications International, and SEEP (Shelf Edge Exchange Processes),
a Department of Energy study, both measured currents along the outer shelf,
slope, and rise to understand the transport of sediments from the shelf to the
slope and the ultimate sink for this material. Preliminary results from
MASAR, SEEP and NASAC are presented in Csanady and others (submitted).

Both components of the NASAC study, the Lydonia Canyon Experiment and the
Slope Experiment, provide an extensive new data set where few long-term
observations existed previously. The interpretive chapters in this report

present analysis of the most important aspects of these data sets. Hewever,



the data are a rich source for additional analysis of processes within

submarine canyons and on the continental slope.
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ABSTRACT

A field program was conducted to study the circulation and sediment
dynamics in Lydonia canyon, located on the southern flank of Georges Bank, and
on the adjacent shelf and slope. The program included: (1) measurements by
an array of moored current meters, bottom tripods, and sediment traps
maintained between November 1980 and November 1982; (2) synoptic observations
of the hydrography and suspended sediments; (3) sidescan and high-resolution
profiles; (4) samples of the surficial sediments; and (5) direct observations
of the sea floor from the submersible ALVIN. An overview of the surficial
sediment, hydrography and moored observations is presented here.

The surficial sediment distribution and the high-resolution profiles
(Twichell, 1983) suggest that very fine sand and silts and clays accumulate in
the head of the canyon, and on an area of the adjacent shelf. However, the
moored current measurements show that the surficial sediments are reworked and
resuspended along the canyon axis to a depth of at least 600 m. Thus,
although fine sediments may be accumulating, the axis 1is not tranquil.
Maximum hour—-averaged current speeds 5 meters above bottom (mab) were greater
than 60 cm/s at about 300 and 600 m in the canyon axis. No evidence of
sediment movement was observed at 1,380 m. The current observations suggest
down—canyon transport of sediment along the axis near the head and up-canyon
transport at about 600 m implying a convergence in the transport of sand as
bedload toward the head. Qualitatively, the sediment distribution along the
axis mirrors the strength of the near-bottom currents.

The mean Eulerian current on the shelf adjacent to Lydonia Canyon and
above the level of the canyon rim was southwestward, consistent with previous
studies of the mean circulation on Georges Bank. On the Continental Slope,

the mean flow was strongly influenced by Gulf Stream warm core rings. Several



rings passed to the south of Lydonia Canyon during the observation period; the
strong clockwise flow around them caused eastward flow along the edge of the
shelf as strong as 80 cm/s. On the slope the influence of the rings in the
water column extended to at least 250 m, but not to 500 m. The influence of
the rings did not extend onto the Continental Shelf to water depths of 125
m. There was a persistent off-shelf and downslope component of flow near the
bottom of a few cm/s. There is some evidence that the warm core rings affect
flow in the canyon by generating packets of high-frequency current
fluctuations.

Within the canyon, the mean Eulerian flow near the bottom was complex.
Near the head of the canyon, net Eulerian flow 5 mab was down-canyon at about
3 cm/s and weak 50 mab. At 550 m the near-bottom flow was up—-canyon. At 600
m the near-bottom flow was weak, and the flow 100 mab was up—-canyon. These
observations suggest a convergence of the mean Eulerian flow between 300 and
600 m, and possibly several cells of recirculation along the canyon axis.
However, because of the energetic non-linear high-frequency motion observed in
the canyon and the small spatial scales, the mean Eulerian current may not
indicate the actual Lagrangian water particle motion. Further analysis is
required to determine the Lagrangian circulation pattern. Measurements made
on the eastern rim of the canyon at about 200 m show westward flow directly
across the canyon axis. Measurements on the eastern wall of the canyon just a
few km away at comparable depths show northward inflow along the eastern
wall, Measurements on the western wall show southward outflow. The mean
Eulerian currents in the canyon thus suggest a complex vertical Eulerian
circulation along the axis, and horizontal exchange along the canyon walls.

The current fluctuations within the canyon are aligned with the canyon

axis. The strength of the high-frequency fluctuations increase toward the



bottom and the head of the canyon. The low—-frequency currents were strongest
over the slope and weakest in the canyon. The fluctuations at semidiurnal
period dominate the current spectra; near the canyon head their strength
changes substantially with time, indicating random generation of internal wave
packets.

Currents in Oceanographer were dominated by the tidal currents and were
stronger than in Lydonia. Net Eulerian down-canyon flow was observed at both

200 and 600 m.

INTRODUCTION

The continental slope south of Georges Bank and the New England
continental shelf is incised by numerous submarine canyons (fig. 2-1).
Lydonia Canyon is the easternmost of four major canyons located along the
southern flank of Georges Bank east of Great South Channel. The canyon, as
defined by the 200 m isobath, cuts northward approximately 20 km onto the
continental shelf.

Canyons have long been of interest to marine geologists for their role in
the transport of sediments from the shelf to the deep ocean (Shepard and Dill,
1966; Shepard et al., 1979; Stanley and Kelling, 1978), and the canyons
provide a variety of habitats and substrates for organisms (Hecker and
others, 1983). However, it is only recently that long-term current
observations have been made in some of these canyons (Hotchkiss and Wunsch,
1982; Gardner, 1983; Hunkins, 1983; Carson and others, 1986; Hickey and
others, 1986) to document the current dynamics and exchange in these
topographic features.

In 1980 the U.S. Geological Survey, in cooperation with the U.S. Bureau

of Land Management (now Minerals Management Service), began a field study of
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the physical oceanography and geology of Lydonia Canyon and the adjacent shelf
and slope. The major objectives of the field program were to:

1. Describe the currents, hydrography, and suspended sediments in Lydonia
Canyon and on the adjacent shelf and slope;

2, Map the surficial geology of the region, particularly regions of
sediment deposition or erosion;

3. Determine the role of canyons in transporting sediment on or off the
Continental Shelf, and to assess whether canyons enhance cross—shelf
transport as compared to the adjacent slope;

4, Determine if Lydonia Canyon is a sink for fine sediment and thus a
potential sink for drill muds or cuttings discharged onto the Outer
Continental Shelf by petroleum exploration; and

5. Compare the currents in Lydonia and Oceanographer Canyons to assess
whether the currents and sediment dynamics in the two canyons are
similar.

The study was designed to primarily investigate flow in the canyons landward
of the shelfbreak (depths in the axis shallower than about 800 m). Major
components of the field program, conducted between 1980 and 1982, included
detailed bathymetric surveys of the canyon and adjacent shelf and slope;
surveys of the surficial sediment texture; longterm measurements by an array
of moored current meters, bottom tripods and sediment traps; synoptic
hydrographic observations; bottom surveys utilizing sidescan sonographs and
high-resolution acoustic profiles; and surveys of the canyon utilizing a
research submersible.

The moored array experiments were the largest component of the field
program. This chapter presents a description of these experiments, and an

overview of the current structure and variability in Lydonia Canyon obtained



from them. The results of the bathymetric and high-resolution surveys have
been published previously (Butman and Moody, 1984; Twichell, 1983).
Additional chapters in this volume describe other components of the canyon

experiment.

FIELD PROGRAM
Five deployments of moored instruments were made as part of the Lydonia
Canyon experiment; Deployment 1 from October 1980 to May 1981, Deployment 2
from May 1981 to September 1981, Deployment 3 from September 1981 to January
1982, Deployment 4 from January to July 1982, and Deployment 5 from July to
November 1982 (hereafter D1-D5). Hydrographic observations were made on all
deployment and recovery cruises and on one additional cruise conducted midway

through D1 (table 2-1).

Instrumentation

Several types of current meters and instrument packages were used in the
experiment to measure currents, temperature, pressure, light transmission, and
to document sediment movement. Current and temperature were measured by means
of EG&G vector averaging current meters (VACM). Some VACMs were modified to
measure and record additional variables. VACMs modified to record pressure
were used to determine mooring depth at selected stations, primarily in areas
of rough topography. VACMs modified to measure light transmission were used to
qualitatively document the level and variability of suspended sediment in the
water column or near the sea floor. VACMs modified for conductivity were used
to determine water salinity (Strahle and Butman, 1984).

A bottom tripod instrument system which measured near-bottom current,

temperature, pressure, and light transmission, and photographed the sea floor
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Table 2-1. Dates of moored array deployments and hydrographic
cruises conducted as part of the Lydonia Canyon Experiment.

Deployment Date Cruise
Start Stop
I November 1980 OCEANUS 88
I December 1980 OCEANUS 90
January 1981 OCEANUS 91
I1 I April 1981 OCEANUS 95
ITT II September 1981 OCEANUS 104
IV 111 January 1982 OCEANUS 113
\ v July 1982 OCEANUS 122
\Y November 1982 OCEANUS 130
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was deployed on the shelf around the head of Lydonia Canyon to document
near—bottom currents and sediment movement. This instrument system was
developed for long—term studies of sediment movement on the Continental Shelf
(Butman and Folger, 1979). The instrument sampled pressure in 48 s bursts
every 7.5 min (12 samples at a rate of 4 s). The standard deviation of the
high—-frequency burst pressure measurements is a measure of the bottom—pressure
fluctuations caused by surface waves and, with the current measurements, can
be used to determine bottom stress using the model of Grant and Madsen (1979).

A second instrument package was constructed to measure currents and light
transmission and to obtain time-lapse photographs of the sea floor (see Butman
and Conley, 1984). These packages were used in the canyon axis, where the
bottom tripod system was unsuitable because of rough topography, and in water
depths deeper than 125 m, where the tripod deployment and recovery system is
unworkable. The instrument package was deployed as a component of a
subsurface mooring. The instrument package consisted of a VACM modified to
measure light transmission or 1light transmission and conductivity, a 35-mm
camera and strobe, a sediment trap, and an acoustic release mounted on a
triangular stainless—-steel frame. The current sensor in the instrument
package was approximately 5 m above the sea floor. All instruments in the
moored array experiment were set to sample every 3.75 or 7.5 minutes to

adequately resolve rapid fluctuations of the current.

Moored array

The mean flow in this region of the Outer Continental Shelf is generally
westward although Gulf Stream eddies may reverse the flow for 1-2 month
periods near the shelf break (Butman and others, 1982; Beardsley and others,

1985; Butman, in press). The shelf-water/slope-water front intersects the



bottom near the 100-m isobath. The moored array was designed to document
currents upstream and downstream of Lydonia Canyon on both the shelf and upper
slope and on either side of the shelf-water/slope-water front. The array was
designed primarily to describe the near-bottom currents and sediment movement
on the continental shelf, the currents and sediment movement in the canyon,
and transport from the shelf into the canyon. Long-term measurements were
made at a few stations throughout the entire experiment to provide continuity
between deployments, and to assess seasonal and long-term variability. Data
obtained in D1 of the moored array is reported in Butman and Conley (1984). A

data report covering D2-D5 is in preparation.

Deployment 1

D1 was the largest array deployed as part of the canyon experiment.
Instruments were deployed at 15 locations in Lydonia Canyon and on the
adjacent shelf and slope (fig. 2-2, table 2-2). Throughout the array,
instruments were deployed at common depths from the surface of approximately
10, 50, 100, 200, 400, and 800 m. Bottom tripods and VACMs 15-20 meters above
bottom (mab) were placed at stations LCA, LCL, and LCM around the head of the
canyon on the Continental Shelf. At LCA and LCL, the VACMs 20 mab measured
light transmission and conductivity to monitor the variability in the position
of the shelf-water/slope-water front and to determine the height of any
near-bottom sediment resuspension. Instruments were also deployed at 10 and
50 m at LCL.

Currents were measured at four stations along the canyon axis (stations
LCB, LCE, LCN, and LCH) from approximately 300 to 1,500 m. At LCB and LCE, in
the shallower parts of the axis where the canyon cuts northward into the

continental shelf, instruments were placed at depths above and below the depth
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Table 2-2. Mooring information for Deployment 1 of the moored array. The mooring type code is: S, surface mooring; SS,
subsurface mooring; T, tripod. The instrument code is: DIP, deep instrument package; V, vector averaging current
meter (VACM); VP, VACM with pressure; VT, VACM with transmission; VIC, VACM with transmission and pressure.

Station Moor. Water Latitude Longitude Moor. Inst. Inst. Deployed Recovered
no. depth (N.) (W) type type depth (YrMoDy) (YrMoDy)
(m) (m)
LCA 204 100 40034.20"  67°44.81" T 99 801024 810424
207 100 40°34.21'  67%44.55" ss VCT 80 801130 810424
LCB 2081 282 40°31.55'  67°42.82" ss VTC 92 801128 810428
2082 VP 227
2083 DI1P 277
LcC 209 184 40°29.43'  67°43.50' sS v 134 801024 810425
135 40°29.08'  67%44.50" (Dragged 3/25/81)
LCD 210 193 40°29.25'  67°41.25' ss v 143 801027 810425
240 40°29.24'  67°41.79" (Dragged 3/10/81)
LCE 2111 600 40°25.38'  67°39.88' ss VT 116 801201 810501
2112 VT 216
2113 VP 441 Lost
2114 DIP 595 810701
LCF 2121 505 40°21.18'  67°39.01' ss VP 205 801027 810427
2122 v 405
LCG 2131 495 40°21.44'  67%41.63" sS v 195 801027 810427
2132 v 395
LCH 2141 1,554 40°17.59'  67939.54" 33 VP 290 801201 810427
2142 v 540
2143 v 890
2144 v 1,454
2211 1,380 40°17.93'  69°39.52' ss DIP 1,375 810120 810428
LCI 2151 250 40022.84'  67933.14° s v 10 801127 810430
2152 40922.95'  67°932.94' ss VT 55 801202 810429
2153 v 195
2154 DIP 245
Lc 2161 571 40921.18'  67°31.98' sS VP 83 801127 810429
2162 v 223
2163 v 4n
LCK 2171 554 40°16.27'  67°46.99' ss v 204 801127 810427
2172 v 454
LCL 205 125 40°32.30' 67°36.83" T 124 801125 810502
2181 125 40032.31'  67°36.40" S v 10 801024 Lost
2182 125 40°31.68'  67936.50" ss v 65 801130 810425
2183 VIC 105
Lo 203 120 40°29.57*  67°48.55' T 119 801024 810426
2191 123 40929.47'  67°48.24' ss v 103 801202 810425
LCN 2201 1,041 40°21.32'  67°40.38' ss VP 243 801129 810427
2202 v 841
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of the adjacent shelf to investigate the coupling between shelf and canyon
currents, and particularly the transport of resuspended material from the
shelf into the canyon. The uppermost instrument (100 m) at LCB measured
transmission and conductivity, and the upper two instruments at station LCE
measured transmission., At LCH, instruments were deployed above the depth of
the adjacent slope at 200, 400, and 800 m, and below the adjacent slope at
approximately 1,400 m.

At two locations along the canyon axis, instruments were placed on the
canyon walls to document the horizontal variability of the currents in the
canyon. Moorings were placed on the canyon walls at LCC and LCD slightly
below the depth of the adjacent shelf. At LCF and LCG, instruments were
placed at approximately 200 m, just above the depth of the adjacent shelf.
The instruments at LCB, LCC, and LCD formed a small cross—canyon array near
the canyon head, and the instruments at LCF, LCG, and LCN formed a cross-
canyon array near the shelf break. All instruments on moorings on the canyon
walls were placed 50 to 100 mab because near-vertical cliffs were observed in
some areas during submersible dives. Although near-bottom currents on the
walls are of interest, interpreting any observations would be difficult
without knowing the location of the instruments with respect to the rugged
topography.

To the east of Lydonia Canyon, instruments were deployed across the shelf
and slope at LCL, LCI, and LCJ at depths of 10 m (LCL and LCI), 50 m (LCL,
LCI, LCJ), 100 m (LCL), and 200 m (LCI, LCJ), and near the bottom (LCL and
LCI). To the west of the canyon, near-bottom instruments were deployed at LCL
on the shelf and at LCK on the slope at approximately 200 and 450 m. The
instruments at LCJ, LCH, and LCK form an along-slope array at a water depth of
approximately 500 m with instruments at common depths of approximately 200 and

400 m.
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To monitor near-bottom current, sediment resuspension, and sediment
movement, deep instrument packages were deployed at LCB, LCE, and LCH in the
canyon axis and LCI on the slope. Similar near-bottom observations were made
at LCA, LCL, and LCM by means of bottom—~tripod systems. Bottom pressure was
measured at LCA, LCL, and LCM on the shelf and at LCO in the canyon axis to

estimate alongshelf and cross-shelf pressure gradients near the canyon head.

Deployments D2-D5

D2 through D5 of the moored array were modest in size in comparison to DIl
(figs. 2-3 to 2-6, tables 2-3 to 2-7). To provide long-term observations
typical of the shelf, canyon head, mid-canyon, and slope, moorings were
continued at LCA and LCB throughout the experiment, at LCI for D2 through D4,
and at LCE through D3. Observations of the near-bottom flow were made on the
canyon rim near the head at LCP during D3, and near the mouth at LCQ in D4. A
small cross—-canyon array was deployed in D4 to supplement the cross—-canyon
observations made near the mouth at LCF and LCG and near the head at LCC and
LCD in Dl. Additional near-bottom observations in the axis at LCS and LCU
were made in D4 and D5 respectively. Two moorings were deployed in the axis

of Oceanographer Canyon in D3, one at 227 m and one at 560 m (table 2-7).

Data recovery and naming convention

A time line of all current observations obtained as part of the Lydonia
Canyon experiment is shown in figure 2-7. In general, data return was
excellent, except at LCA where there were tripod failures in D3 and D4. The
long-term observations at LCB and LCI were continuous, except at 50 mab, and
provide an extremely important time series used throughout this chapter to

illustrate various aspects of canyon and slope flow. Only two instruments
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Table 2-3. Mooring information for Deployment 2 of the moored array. (see table 2-2 for
explanation).
Station Moor. Water Latitude Llongitude  Moor. Inst. Inst. Deployed Recovered
no. depth (N.) (W.) type type depth  (YrMoDy) (YrMoDy)
(m) (m)
LCA 223 100 40034.25 67°44.76 T T 100 810505 810926
225 40034.38  67°44.63 SS v 80 810504 810926
LCB 226 288 40°31.56 67°42.83 SS v 108 810429 810926
v 238
v 282
LCE 228 580 40925.61  67939.60 Ss v 475 810505 810926
LCI 227 250 40°22.96  67°33.01 sS v 59 810503 810927
A 199
A 243
LCL 224 125 40°32.37  67°36.26 T T 125 810426 810926
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Table 2-4. Mooring information for Deployment 3 of the moored array (see table 2-2 for explanation).

Station Moor. Water Latitude Longitude Moor. Inst. Inst. Deployed Recovered
no. depth (N.) (W.) type type depth (YrMoDy) (YrMoDy)
(m) (m)
LCA 229 100 40°34.35" 67°44.03" T T 100 810926 820128
238 101 40°34.37" 67°43,50" T T 101 810926 811001
LCB 231 290 40°31.54' 67°42.79' ss DIP 285 810927 820127
230 295 40°31.50' 67°42.74' sS VIC 125 810927 820130
v 245
LCE 232 590 40°25.40' 67939.84' SS v 493 810928 820130
vT 584
LCl 234 247 40°23.11' 67°32.60" SS DIP 242 810927 820131
233 251 40°22.95' 67°32.97' SS v 55 810927 820131
v 201
LCP 237 131 40°32.02' 67°42.07" T T 131 810926 820128
236 132 40°31.95' 67942.07" SS v 113 810928 820128
LCO 235 555 40°26.74' 67°39.75' P P 555 811001 820129
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Table 2-5. Mooring information for Deployment 4 of the moored array (see table 2-2 for explanation).
Station Moor. Water Latitude Longitude Moor. Inst. Inst. Deployed Recovered
no. depth (N.) (W.) type type depth (YrMoDy) (YrMoDy)
(m) (m)
LCA 240 100 40°33.78'  67°44.76" T T 100 820128 820707
LCB 241 300 40°31.52"  67942.83" Ss VIC 108 820131 820707
v 248
LCI 242 249 40°23.05' 67°32.96" SS v 59 820131 820708
v 199
vT 243
LcQ 243 185 40°27.25'  67938.27°' Ss DIP 180 820130 820707
LCR 244 240 40°26.62' 67°38.80' Ss v 183 820130 820707
v 215
LCS 245 560 40°27.61'  67°40.03" SS v 554 820129 820707
LCT 246 203 40°26.62'  67°40.61" SS \' 178 820102 820707
LCO 247 552 40°26.77'  67°39.72' P P 552 820202 820707
LCL 251 127 40°32.40' 67°36.52' T T 127 820131 820709
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Table 2-6. Mooring information for Deployment 5 of the moored array (see table 2-2 for explanation).
Station Moor. Water Latitude Longitude Moor. Inst. Inst. Deployed Recovered
no. depth (N.) (W.) type type depth (YrMoDy) (YrMoDy)
(m) (m)
LCA 257 104 40°33.83"  67%44.21" T T 103 820708 820812
264 40°33.76'  67°44.58" T T 820812 821111
LCB 258 295 40°31.49'  67°42.29' SS v 104 820708 821111
@ VTC 244
VT 290
LCU 259 141 40°32.37*  67°44.37" SS VTC 134 820708 821111
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Table 2-7. Mooring information for moorings in Oceanographer Canyon (see table 2~2 for explanation).
Station Moor. Water Latitude Longitude Moor. Inst. Inst. Deployed Recovered
no. depth (N.) (W.) type type depth (YrMoDy) (YrMoDy)
(m) (m)
OCA 248 104 40°30.76' 68°14.83" T T 104 820127 820709
(Dragged)
0CB 249 227 40°29.44' 68°11.06" SS v 177 820128 820709
DIP 223
occ 250 560 40°24.93' 68°07.83" SS VIC 554 820127 820709
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Figure 2-7.

LYDONIA CANYON
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Lydonia Canyon Experiment.

Time line of all current measurements made as part of the
The four digit number is the

record identification (see tables 2-2 to 2-6).
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were lost during the experiment, a surface-moored VACM at LCL and a VACM at
100 mab at LCE in DI.

All USGS moorings are assigned a three-digit identification number
(tables 2-2 to 2-7, fig. 2-7). Data are referenced by four digits; the first
three are the mooring number and the last indicates the vertical position of
the instrument from the top. Thus 2114 is the fourth instrument from the top
on mooring 211. In this chapter however, data are primarily referenced as
LCB1(277) which indicates the station (LCB), deployment number (1), and depth
of the instrument below the surface (277). Where the deployment number is
unambiguous, it is omitted, and if the height above bottom is more appropriate

than the depth, it is listed as mab (LCB(5 mab)).

Mooring Positions

Positioning the moorings in the canyon axis and on the walls of the
canyon was critical and required considerable care. The detailed bathymetric
map of Lydonia Canyon (Butman and Moody, 1984) was used to locate all
moorings. A bathymetric transect was run across the canyon axis prior to
deployment of a mooring. The moorings were deployed from OCEANUS anchor last;
components were strung astern and the mooring was slowly towed across the
canyon axis toward the launch point. The depth was monitored continuously and
the anchor released in the center of the axis as determined by the maximum
depth and/or at the desired launch point (or a judicious decision). The
bathymetric transect across the axis was continued after the mooring was let
go to confirm the position of the mooring in the axis. The mooring position
after deployment and before recovery was determined to about +#100 m by ranging
to the acoustic release. The placement of moorings near the center of the

canyon axis near the head was excellent. At the deeper stations LCN and LCH,
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where side echoes from the canyon walls and the narrow axis made the
bathymetry extremely difficult to interpret, the moorings may not have been

exactly in the center of the axis., Loran C was used for all navigation.

Hydrography

Hydrographic observations were made on all mooring deployment and
recovery cruises (table 2-1)., 1In general, sections were run along the canyon
axis, and across the adjacent shelf and slope to the east and west. On some
cruises, sections were also run across the canyon axis. Because the mooring
work was always first priority during cruises, the number and location of
hydrographic sections varied from cruise to cruise depending on the weather
and the time available. Cruise tracks for OCEANUS 91, 95, 104, and 113 are
shown in figure 2-8 .

Profiles of temperature, salinity, oxygen, and 1light transmission were
made by means of a Neil Brown Instrument Systems, Inc. conductivity-
temperature—-depth (CTD) profiler. Additional temperature profiles were
obtained using expendable bathythermographs (XBT's). Details of the
hydrography may be found in a series of data reports (Moody and others, 1986a;
Moody and others, 1986b; Moody and others, 1986c; Butman and others, 1986a,

Butman and others, 1986b).

Sediment texture

Samples of the surface sediment were obtained on the shelf and slope
adjacent to Lydonia and Oceanographer Canyons by means of a modified Van Veen
grab. The upper 2 cm of sediment were skimmed from the surface of the grab.
Samples were obtained on several cruises at different times of the year.

Samples of the surficial sediment were obtained from the axis of Lydonia
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Canyon on nine ALVIN dives in September 1980. Samples were scooped from the
surface with a heavy canvas bag attached to a rigid stainless-steel frame held
in the manipulator of the submersible. Sediment grain size was determined by
wet seiving the samples to gravel, sand, and fine (silt and clay) fraction. A
Rapid Sediment Analyser was used to determine the size distribution in the
sand fraction and a Coulter Counter for the silt and clay. Additional surface
sediment texture observations were obtained from the U.S. Geological Survey
Continental Margin Program (Hathaway, 1971) and from samples obtained as part
of the Georges Bank Biological Task Force Monitoring Program (Bothner and
others, 1982). The observations were used to map the surface sediment texture
on the southern flank of Georges Bank adjacent to Lydonia and Oceanographer

Canyons and within Lydonia Canyon.

RESULTS

Canyon topography

Lydonia Canyon, as defined by the 200-m isobath, cuts northward into the
northwestern Atlantic continental shelf approximately 20 km from the shelf
edge (fig. 2-9). Throughout this chapter, the region between 120 m and 300 m
in the canyon axis will be referred to as the head of the canyon. The region
where an extension of the 200-m isobath on the outer shelf crosses the canyon
axis (canyon axis water depth of about 800 m) will be referred to as the mouth
of the canyon.

Although oriented approximately north-south, the axis of the canyon is
sinuous. On the continental shelf, Lydonia Canyon is first indicated by the
120-m isobath. At the head of the canyon, the axis bifurcates; the east
channel trends approximately north-south and the west channel trends

approximately northwest—-southeast. At a depth of 500 m, the canyon axis jogs
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Figure 2-9. Detailed bathymetric map of Lydonia Canyon (redrawn from
Butman and Moody, 1984),
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to the east about 1.5 km. There are many gullies and spurs along the walls of
the canyon. The canyon is 1 to 2 km wide near the head and about 5 km wide
near the mouth. The width of the canyon floor ranges from 200 to 1,000 m
landward of the shelf break (Twichell, 1983). The width of the thalwag at
depths greater than about 800 m cannot be determined with the wide—bean
echosounder data because of numerous side echoes from the canyon walls.

In making near—-bottom current measurements in such rough topography,
there is concern over the representativeness of the observations caused by
small scale obstructions in the axis. ALVIN transects along the axis showed
that the central axis floor was generally free from large boulders and other
obstructions. Near 600 m (LCE), some large sand waves 1-2 m in height were
observed, and in some parts of the axis there are depth changes of as much as
50 m within several kilometers. The similarity of measurements obtained at
the same stations during repeated deployments, where the moorings are not
located in exactly the same spot, suggest that the observations are
representative of moderate lengths of the canyon.

The bottom slope along the axis varies substantially along its length
(fig. 2-10). The axis slope was estimated by fitting a straight line by eye
to the bathymetry (as shown in Butman and Moody, 1984) over segments of the
axis several kilometers in length, ignoring changes in the bottom slope over
spatial scales of a few kilometers. Near the head of the canyon between 140
and 300 m (following the western branch of the axis), the axis slope is about
3.39, The slope is steeper, about 6°, ascending between the two branches.
Between 300 and 540 m the axis slope is about 1.6°; there are several
distinct steps in the bottom in this segment and local slopes range from 0.7°
to 3.9°, Between 540 and 700 m the slope of the axis is about 0.9°., Below

700 m, the average bottom slope is about 4.2°, but there are steeper and
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Figure 2-10. Bottom slope along the axis of Lydonia Canyon. Segments I-IV
indicate regions of approximately constant slope.
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flatter sections. For comparison, the slope on the adjacent continental shelf
is less than 1° for depths shallower than about 200 m, and about 5° between
200 and 500 m.

Lydonia Canyon is approximately V-shaped along its length (fig. 2-11).
The slope of the walls are about 20° near the mouth and about 10° near the
head. The walls were observed to be almost vertical in places along several
ALVIN transects starting at about 500, 600 and 1,500 m in the axis and
ascending from the canyon floor to the rim. Based on an ALVIN transect
ascending from about 300 m in the axis, the walls are much smoother near the
canyon head.

There are numerous valleys on the slope to the east of Lydonia, mainly in
water depths greater than 500 m. Jigger Submarine Canyon, located between
Lydonia and Gilbert Canyons, is not shown on the National Ocean Survey
Charts. The head of Jigger Canyon begins at about 400 m and does not incise
the continental shelf. Scanlon (1982) has shown that Lydonia Canyon joins

Jigger Canyon at a depth of about 2,000 m.

Surface sediment texture

The present distribution of sediments in the Georges Bank region reflects
their glacial source and reworking by currents and waves during and since the
last rise in sea level (Schlee, 1973; Bothner and others, 1981; Twichell and
others, 1981; Twichell, 1983). The surficial sediments on the crest of
Georges Bank are primarily coarse sand where the tidal currents have winnowed
all fine material from the surface sediments. Surficial sediments become
finer across the southern flank of the bank as the water depth increases and
the tidal currents and wave influence decrease. The sediments on the

Continental Slope are mostly silt and clay. Along the southern flank of
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Georges Bank, between the water depths of about 60 to 100 m, the surface
sediments become finer from east to west. The fine sediments found on the
Continental Shelf south of Cape Cod are a modern deposit and are thought to be
fine-grained sediments winnowed from the crest of Georges Bank by the strong
tidal currents and surface waves and carried westward into the Middle Atlantic
Bight by the mean current (Bothner and others, 1981; Twichell and others,
1981; Butman, in press).

Around Lydonia and Oceanographer Canyons in depths shallower than 100 m,
the mean sediment grain size decreased toward deeper water snd toward the west
(fig. 2-12a), which is consistent with the regional pattern observed on the
shelf (Schlee, 1973). The samples between the 100 and 200-m isobath, however,
show that the surface sediments have a complex distribution apparently
associated with Lydonia and Oceanographer Canyons. On the shelf adjacent to
Lydonia Canyon, a band of fine sediment about 8-10 km wide extended about 10
km to the east and west along the shelf. The sediments were slightly finer
and more extensive to the east of Lydonia Canyon than to the west. These
sediments contained 5-10% silt plus clay and 25-50% very fine sand (fig. 2-
12b,c). On the eastern side of the canyon, the fine sediment (as defined by
the 2,50 mean grain diameter) extended southward from the 100-m isobath to
about 135-140 m water depth; on the western side of the canyon, the finer
sediments covered the shelf between 100 and 125 m depths. The sediments were
coarser south of the band of fine sediments, especially near the rim of the
canyon where sediments contained 15-30% gravel. Although the samples on the
upper slope were sparse, they generally indicate a decrease in grain size as
the water depth increases.

Fine-grained sediments were also found on the shelf adjacent to

Oceanographer Canyon. The finest sediments occurred in the lobes to the east
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Figure 2-12a, Surface sediment texture on the southern flank of Georges Bank
adjacent to Lydonia and Oceanographer Canyons. The surface
texture in the canyons at depths greater than 200 m is not
shown, Triangles indicate samples from Bothner and others
(1982) and squares from Hathaway (1971). Circles are data
from this study., Mean ¢ (computed by method of moments).
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Figure 2-12b.
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Surface sediment texture on the southern flank of Georges Bank
adjacent to Lydonia and Oceanographer Canyons. The surface texture
in the canyons at depths greater than 200 m is not shown.

Triangles indicate samples from Bothmer and others (1982)

and squares from Hathaway (1971), Circles are data from this
study. Percent silt plus clay.
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Surface sediment texture on the southern flank of Georges Bank
adjacent to Lydonia and Oceanographer Canyons. The surface
texture in the canyons at depths greater than 200 m is not
shown. Triangles indicate samples from Bothner and others
(1982) and squares from Hathaway (1971). Circles are data
from this study. Percent very fine sand (62.5u < D<125.0u)..
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and west of the canyon between 100-m and the 150-m isobath. 1In contrast to
the fine sediments around the head of Lydonia Canyon which extended almost to
the canyon rim, the fine sediments around Oceanographer Canyon apparently were
separated from the canyon by a broader region of coarse material. The
sediment in the two lobes was composed of 5-10% silt plus clay and 25-50% very
fine sand.

Samples of the surficial sediment were obtained in the thalweg of Lydonia
Canyon from about 200 to 1,600 m using the submersible ALVIN. Although these
samples are limited in number and indicate some small-scale spatial
variability, they do show consistent trends in the surface sediment texture
along the canyon axis (fig.2-13). Although the sediments at 1,600 m were
finer than the sediments in the head of the canyon, the sediment texture did
not decrease uniformly with depth. The surficial sediment texture of the
canyon thalweg can be described in four segments. In segment 1, between 100 m
on the canyon shelf and 250 m in the canyon head, the surficial sediments
become rapidly finer. 1In this segment the silt plus clay and the very fine
sand content increased from less than 107 to greater than 20% and 60%,
respectively, while the fine, medium, and coarse sand content decreased. In
segment 2, between about 250 and 450 m, the surficial sediments became
slightly coarser; the fine sand content gradually increased while the silt
plus clay and the very fine sand content decreased. In segment 3, between 450
and 650 m, there was an abrupt change to coarser sediments between 450 and 500
m and a return to fine sediments between 600 and 650 m. In the center of
segment 3 between about 500 and 600 m, there was less than 10% silt plus clay
and very fine sand, and medium and coarse sand comprised greater than 30% and

20% of the surficial sediments, respectively. This section of coarse-grained

sediments is located just south of the major western shift in the canyon axis
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Figure 2-13a. Surface sediment texture across the southern flank of Georges
Bank and along the thalweg of Lydonia Canyon to 1,600 m. I-IV
indicate textural regions (see text). LB312 is Mobil Lease
Block 312, and LCA, LCB, LCE, and LCH indicate the location of
mooring stations in the canyon axis. Samples in the axis
were obtained from the submersible ALVIN, Mean & of sediments
computed by method of moments.
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Figure 2-13b.

%

Surface sediment texture across the southern flank of Georges
Bank and along the thalweg of Lydonia Canyon to 1,600 m., I-IV
indicate textural regions (see text). LB312 is Mobil Lease
Block 312, and LCA, LCB, LCE, and LCH indicate the location

of mooring stations in the canyon axis. Samples in the axis
were obtained from the submersible ALVIN., Percent silt plus
clay, sand, and gravel. Depth of samples is shown in lower
panel.
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Figure 2-13c.

Surface sediment texture across the southern flank of Georges
Bank and along the thalweg of Lydonia Canyon to 1,600 m, I-IV
indicate textural regions (see text). LB 312 is Mobil Lease
Block 312, and LCA, LCB, LCE, and LCH indicate the location of
mooring stations in the canyon axis. Samples in the axis were
obtained from the submersible ALVIN, Percent coarse sand
(0,5-1,0 mm), medium sand (0,250-0.500 mm), fine sand (0.125-.
0.250 mm), and very fine sand (0.063-0.125 mm).
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near LCS (fig. 2-9). In segment 4, down-canyon of 650 m to 1,600 m, the
surface sediments became gradually finer. The silt plus clay content

gradually increased while the very fine sand and fine sand decreased.

Hydrography

The synoptic hydrographic sections provide an overview of the fields of
temperature, salinity, density, and suspended sediment on the shelf and slope
and within the canyon. Several questions are of interest: Is there
hydrographic evidence for mixing or exchange within the canyon? How do Gulf
Stream warm core rings (WCRs) affect the canyon fields? Does the canyon
affect the position of the shelf-water/slope-water front? What is the typical
Brunt-Vaisaila field that determines the propagation and reflection
characteristics of internal waves? Sections from four cruises, which span the
first year of the moored array, are presented here to illustrate the major
hydrographic features and to locate the various current meters with respect to
these features. In addition, selected vertical profiles of beam attenuation
are presented to illustrate the distribution of suspended sediments on the
shelf and slope, and in the canyons.

The hydrographic sections are smoothed over 10-20 m, and were all
contoured using a computer routine (see the data reports for a detailed
description of the processing techniques). The contouring near the bottom
should be interpreted with care because of the vertically exaggerated sections
and because of the large depth changes between stations. The sections are
also snapshots of the hydrographic fields typically obtained in one day or
less. Internal waves may cause vertical excursions of 50-100 m in amplitude
(see section on vertical water-particle excursions) and thus fluctuations of

this size may not reflect significant changes of the mean fields. Note also
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that the bottom topography used in these sections is defined only by the

hydrographic stations.

January 1981 (OCEANUS 91)

The observations on OCEANUS 91 were made between January 19 and 21, 1981,
midway through Dl. At this time, a large Gulf Stream warm core ring, 80-G,
was located to the south of the canyon (see fig. 2-28 for maps of the surface
temperature field, and the discussion on mean currents). Section 4, across
the shelf and slope to the east of Lydonia Canyon, shows a sharp surface-
to-bottom front in both temperature and salinity (fig. 2-14a). Inshore of the
front, the water on the shelf is vertically well mixed; offshore of station
20, the water is well mixed between about 50 m and 200 m with temperature and
salinity in excess of 12°C and 35.4 o/oo, respectively. This warm salty water
is presumably associated with WCR 80-G, although the section does not extend
far enough offshore to show much of the ring itself. The total dénsity change
across the front 1is about 0.4 sigma-t units; based on the 26.4 sigma-t
contour, the slope of the front is about 4.8 x 1073, The beam attenuation at
station 31 indicates near-bottom sediment resuspension on the shelf. Mooring
LCI was located just offshore of station 22; the upper instruments on the
mooring (at 10 and 55 m) were above and inshore of the front, while the lower
instruments at 195 and 245 m were below and offshore of the front. The near-
bottom instruments on the mooring at station LCL (near station 25) were also
below the strongest section of the front, while the upper instruments were in
the well mixed shelf water.

Section 3 (fig. 2-14b) along the axis of the canyon extended slightly
further into the WCR than seétion 4; temperature and salinity exceeded 14°C

and 35.6 o/oo respectively in the vertically well mixed water above about 220
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m seaward of station 16. The downward-sloping isopycnals suggest that the
ring influenced the flow as deep as 400-500 m. The shelf-water/slope-water
front is similar in shape and slope to the front observed on section 4. In
the canyon, there is a salinity maximum (salinity in excess of 35.2 o/oo)
centered at about 200 m that extends to the head of the canyon. The slight
widening of the sigma-t surfaces between stations 12 and 6 suggest some
vertical mixing. The section of beam attenuation shows two separate areas of
near—bottom increases in suspended sediment concentration, one on the shelf
and the other along the canyon axis.

Section 2 (fig.2-14c,d) across the canyon near the mouth shows slightly
warmer and saltier water on the eastern side of the canyon, and sigma-t
surfaces rising to the east.

The vertical distribution of suspended matter, as indicated by beam
attenuation, at selected stations on the shelf, slope and in the canyon 1is
shown in figure 2-l4e. At 400 and 600 m in the canyon axis, the beanm
attenuation increeased nearly linearly toward the bottom over a distance of
200-300 m (sta. 6 and 9). The increase was not observed at station 12 at
about 675 m water depth. Although it is difficult to determine the increase
in suspended sediment concentration from the beam attenuation measurements
alone (see Appendix 2), the proportionality constant between beam attenuation
and suspended sediments, using grain size information from the sediment traps
(see Chapter 6), is on the order of 5 (mg/1)/(m”!l). Thus the observed

increase in beam attenuation in the canyon axis of 0.10-0.20 m 1

probably
reflects an increase in suspended sediment concentration of order 0.5 to 1.0
mg/l. At the stations (20 and 22) on the continental slope, the beam

attenuation did not increase markedly toward the bottom. The beam attenuation

was highest on the shelf near the bottom, as already illustrated in the

vertical sections.
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Figure 2-l4e. Vertical profiles of beam attenuation at selected stations on
the shelf, slope and in Lydonia Canyon. See figure 2-8a for
station locations, Where the observations did not extend to the
bottom, the bottom depth in parenthesis follows the station

number,
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May 1981 (OCEANUS 95)

The hydrographic observations on 0C95 were made between D1 and D2. The
Oceanographic Analysis Charts shows WCR 81-C located south of Lydonia Canyon
during this period. The surface expression of the ring was not apparent north
of 40°N however. There were no measurements of beam attenuation made on this
cruise.

The shelf-water/slope-water front shown in section 6 (fig. 2-15a) across
the shelf and slope was somewhat stronger than in January, and there was some
vertical stratification above the front, primarily due to low salinity water
(<34 o/o00) at depths less than 50 m. A warm (>10°C) and salty (>35.4 o/oo)
lens of water was observed off-shelf just below the front, possibly a
subsurface expression of WCR 81-C. Current observations at LCI, located just
onshore of station 4, showed weak easterly flow at 60 m when this section was
made. The £flow was sharply eastward about 15 days after the section,
indicating WCR 81C (see section on WCR). Based on the 26.4 isopycnal, the
slope of the front on the shelf below 50 m was about 5.8 x 1073,

The section made along the canyon axis shows the front above the canyon
rim and the warm salinity maximum centered at about 170 m at the seaward end
of the section (fig. 2-15b). At the head of the canyon, the salinity reaches
only about 34.8 o/oo at 200 m , at least 0.4 o/oo fresher than in January.
Isotherms and isopycnals slope downward beneath the salinity maximum seaward
of station 70. Toward the canyon head (landward of station 70), the

isopycnals diverge, especially between 200 and 400 m.
September 1981 (OCEANUS 104)

The hydrographic observations on 0Cl104 were made between September 29 and

October 1, 1981, between D2 and D3. The Ocean Frontal Analysis charts show no
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WCRs near Lydonia Canyon at this time. The section to the west of Lydonia
Canyon shows strong vertical stratification caused by both temperature and
salt (fig. 2-16a). Based on the 26.0 sigma-t isopycnal, the slope of the
front is about 1.4 x 1073. The section of beam attenuation suggests a near-
bottom increase in suspended matter over the shelf. The attenuation was also
relatively large near the surface at the seaward end of the section, possibly
caused by a phytoplankton bloom.

Along the canyon axis, the salinity maximum between about 180 and 360 m
at the head of the canyon exceeds 35.0 o/oo (fig. 2-16b). The isopycnals
(27.2 and 27.4) diverge toward the canyon head (upcanyon of station 30) but,
in contrast to their shape in January and May, they are almost flat seaward of
station 30. The section of beam attenuation shows an increase near the bottom
in a layer 50-100 m thick along the axis of about 0.05 to 0.10 ml,

The vertical distribution of suspended matter as indicated by bean
attenuation at selected stations on the shelf, slope and in the canyon is
shown in figure 2-16 c-e. The beam attenuation increased toward the bottom in
the canyon axis at stations 15, 23, and 38 (note station 30 did not extend to
the bottom and only the upper 600 m of station 38 is shown in fig. 2-16c).
The hydrographic observations on OCEANUS 104 were made during a period of
strong winds from the northwest (see section on effect of storms and fig.
2-42), which caused near-bottom sediment resuspension over the shelf. The
well-defined mid-water increase in beam attenuation at about 125 m at stations
15 and 23 (fig. 2-16c¢c) is material suspended on the shelf and carried over the
canyon rim. Section 3 across the canyon axis (see fig. 2-8b for location)
shows the plume originating on the west side of the canyon and extending over
the axis (fig. 2-16d). Net flow during the time of this section, based on the

current observations at 125 m at station LCB, was to the east. The lack of
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OCEANUS 104
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Figure 2-16c¢. Vertical profiles of beam attenuation at selected stations on
the shelf, slope and in Lydonia Canyon. See 2-8b for station
locations., Where the observations did not extend to the bottom,
the bottom depth in parenthesis follows the station number.
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Figure 2-16d. Vertical profiles of beam attenuation at selected stations on
the shelf and in Lydonia Canyon. See figure 2-8b for station
locations,



suspended material at station 19 on the east side of the canyon suggests that
the sediment may have been trapped by the canyon. Stations 47, 45 and 43 form
a section across the slope, and show progressively increased beam attenuation
toward the shelf break, and some increase toward the bottom on the outer shelf

(figo 2-163)0

February 1982 (OCEANUS 113)

The sections on OCl13 were made between January 29 and February 3, 1982
between D3 and D4. The center of WCR 82-A was centered to the east of Lydonia
Canyon at about 64°30'W. The section across the shelf and slope to the west
shows the shelf-water/slope-water front with a slope of about 2x10~3 (fig. 2-
17a). Water with a salinity of 35.6 o/oo and temperature greater than 13°C
was observed beneath the front, centered at about 160 m. The beam attenuation
section indicates almost no increase near the bottom over the shelf.

Along the axis of the canyon, the salinity maximum is centered at about
200 m at the canyon head, and salinity is in excess of 35 o/oo (fig. 2-17b).
The isopycnals are nearly horizontal seaward of station 15 below 200 m.

The vertical distribution of suspended matter at selected stations, as
indicated by beam attenuation, is shown in figure 2-17e. The observations
again show near-bottom resuspension in the canyon axis. Stations 3 and 30, in
almost the same location in the canyon head but occupied about 4 days apart,
show markedly different beam attenuation profiles, although both increase
toward the bottom. The beam attenuation profiles at stations 9 and 11 on the
slope suggest lower suspended concentrations than in the canyon, and less

near—-bottom resuspension.
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Figure 2-l6e.

Vertical profiles of beam attenuation at selected stations
the slope adjacent to Lydonia Canyon. See figure 2-8b for
station locations.
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OCEANUS 113
BEAM ATTENUATION (m-)
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Figure 2-17e. Vertical profiles of beam attenuation at selected stations on the
shelf, slope and in Lydonia Canyon. See figure 2-8b for station
locations. Where the observations did not extend to the bottom,
the bottom depth in parenthesis follows the station number.
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Summary of hydrography and suspended sediments

The hydrographic observations made in and around Lydonia Canyon show the

following major features:

1.

The shelf-water/slope—water front extends above the canyon axis and, based
on the position of the 34 o/oo isohaline, intersects the bottom between
the 100 and 125 m isobath near the canyon head.

Below the front is a mid-depth temperature maximum, centered at about
150 m, where water temperature generally exceeds 10°C. Also below the
front is a mid-depth salinity maximum, typically centered between 200 and
300 m near the canyon head, where salinities exceed 35 o/oo.

On cruises where there was good data coverage for determining the slope of
the contours near the bottom in the canyon axis, the sigma-t surfaces
diverged slightly toward the canyon head (see section 0C95-5 and 0Cl104-7).
When warm core rings are present south of the mouth of the canyon, warmer
and saltier water extends deeper in the canyon head. Based on the 0C91
observations, sigma—-t surfaces below about 150 m slope downward toward the
canyon mouth with the steepest gradient off-shore of the adjacent slope.
The strength of this off-shore gradient probably depends on the location
of the ring with respect to the canyon and the size of the ring.

Increased suspended sediment concentrations of order 0.5 to 1.0 mg/l occur
along the bottom in a layer 50-200 m thick along the canyon axis at least
between water depths of about 300 and 600 m. The near—bottom sediment
concentrations are larger in the canyon than on the slope at comparable

depths.
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Currents

The current observations made in Lydonia Canyon and on the adjacent shelf
and slope show a rich diversity in the strength, orientation, and frequency of
current fluctuations. The basic statistics of the hour—averaged and low-
passed currents are tabulated in table 2-8a and 2-8b , respectively. The
statistics for the observations made in Oceanographer Canyon are in table 2-
8c. The along-axis current speeds in the canyon are of order 10-20 cm/s, and
thus water particle displacements are 2-4 km in 6 hours. Because the
displacements are a substantial fraction of the canyon length, one immediate
conclusion from the basic statistics is that the flow field will be strongly

channeled by the canyon geometry.

Spectra

Kinetic energy spectra show major differences in the current strength and
frequency structure on the shelf, slope, and in the canyon (fig. 2-18). On
the shelf and slope, the flow is characterized by low-frequency fluctuations
(periods longer than 50 hours) essentially parallel to the local isobaths, and
by higher frequency fluctuations at the diurnal, inertial, and semidiurnal
periods, primarily in the cross—-isobath direction. The semidiurnal peak
dominates the spectrum. In contrast in the canyon, the energy at low
frequencies is much weaker than on the shelf and slope, with no increase in
the synoptic band, and there is a large concentration of energy over a wide
range of periods shorter than M,. This band of high-frequency energy is often
centered at M, (6.21 hours), the semidiurnal harmonic.

To investigate the spatial variability of the amplitude and principal
orientation of the current fluctuations as a function of frequency, the

spectrum was divided into 5 frequency bands: low frequency (periods of 720 to
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